Purpose: Use of appropriate cycloplegic agent is an essential area of management in children with strabismus and refractive error. This study was designed to audit our own department's understanding and practice with respect to cycloplegia. Methods: Children in age group of 0 -12 years with refractive errors and strabismus were evaluated with respect to four parameters: adherence to cycloplegic refraction (group-I), choice of cycloplegic agent (group-II), dosage of cycloplegia (group-III) and duration of cycloplegia (group-IV). Following the initial audit, the hospital audit committee evaluated the results; thereafter concerned staff was educated and aide-memoires of the dilatation protocol were introduced; a second audit cycle was carried out after 3 months. Results: First and second audit cycle included 334 children (mean age 6.2 ± 2.2 years) and 436 children (mean age 7.25 ± 2.9 years) respectively. A statistically significant improvement was found in all four parameters in the second audit cycle: adherence to dilation protocol (82.3% in first cycle to 94.3% in second cycle; p = 0.001), choice of cycloplegic agent (77% in the first cycle to 94.8% in the second cycle; p = 0.001), dosage of cycloplegic agent (84% in the first cycle to 96.3% in the second cycle; p = 0.001) and duration of cycloplegic agents (65% in the first cycle to 97.5% in the second cycle; p = 0.001 for CTC and 71.8% in the first cycle to 98% in the second cycle; p = 0.001 for Tropicamide). Conclusions: A complete audit cycle demonstrated a statistically significant improvement in all four parameters related to cycloplegic refraction in children. Regular auditing coupled with targeted interventions aimed to maintain the "best practice guidelines" for determination of refractive errors in children could prove effective in improving standards of clinical practice.
Introduction
Cycloplegic refraction has been described as an essential part of the paediatric ophthalmic assessment [1] and the cornerstone of strabismus evaluation [2] . An ideal cycloplegic agent removes the detrimental effects of accommodation on measurement repeatability thus revealing the correct and appropriate refractive error. The primary differences in the action of the various cycloplegics used in the clinical practice are the time course for the onset and recovery of cycloplegia and the depth of cycloplegia. In order to obtain reliable measurements following instillation of a particular cycloplegic drug, there is a time limit for maximum cycloplegia to be reached and for refraction to be carried out. However overmedication, when maximum cycloplegia has already been reached increases the probability of systemic absorption and therefore intensifies the side effects. The use of appropriate cycloplegic agent in appropriate dosage and for appropriate duration, for different categories of children with strabismus and refractive error is thus an important and a challenging area of paediatric ophthalmology.
Refractive errors and strabismus are the major causes of ocular morbidity amongst children and appropriate refractive correction is vital to attain optimal vision and binocularity. However in literature, there is no specific mention regarding evidence based standards of refraction practices in children. In order to maintain the "best practice" guidelines for determination of refractive errors according to different categories of patients, we planned a complete audit cycle at our centre with the following aims: 1) To evaluate our own department's understanding and practice with respect to cycloplegia.
2) To ensure that all optometrists and doctors in the practice team carry out examinations to the same standard; so as to improve clinical effectiveness.
Materials and Methods
The study was planned and carried out at the department of Paediatric Ophthalmology and Strabismology of Dr. Shroff's charitable eye hospital after approval from the institutional review board. A full audit cycle was planned in 2 cycles; in the first cycle data was collected over a 4-week period, following which a 3 month period was allowed to incorporate implemented changes and a second audit cycle was planned. 1) Subjects: All children younger than 12 years of age requiring cycloplegic refraction for refractive error or strabismus were included in the study after taking informed consent from parents. Patients were excluded if they were emmetropic or were older than 12 years of age.
2) Methodology: It has been our department's policy to place stickers for details of cycloplegic refraction on all the case sheets of children younger than 12 years of age; notes were audited using these stickers. Variables collected included the age of the patient, type of refractive error (myopia/hyperopia), presence or absence of strabismus, type of strabismus (esotropia/exotropia), cycloplegic agent used, duration of instillation, time gap from instillation of first drop to dilated refraction done and side effects of the drug if any. Results were analysed with respect to four parameters adherence to cycloplegic refraction (group-I), choice of cycloplegic agent (group-II), dosage of cycloplegia (group-III) and duration of cycloplegia (group-IV).
3) Standards: Since there are currently no standardized national guidelines or protocols for dilated refraction in children, we have established our own standard protocols in accordance with the available literature [3] - [5] ; details mentioned in Table 1. 4) The audit cycle: A standard based audit of the dilatation practices among the pediatric optometrists and ophthalmologists was carried out. a) First cycle: Case sheets of children in age group of 0 -12 years with refractive errors and strabismus who visited pediatric ophthalmology outpatient services over a period of 4 weeks in the month of April 2012 were reviewed for the four parameters; this was compared to the hospital's dilatation protocol.
b) Intervention:
The results of the first audit were analyzed and presented to the audit committee. All the case sheets where the choice of drug was not appropriate were re-evaluated and reasons for not complying with the protocol were noted. After full analysis of the first cycle, the dilatation protocol of the department was for- 
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Dosage of cycloplegic drugs
• Atropine sulphate (1%): eye ointment to be instilled twice a day for 3 days.
• Cyclopentolate (1%) and Tropicamide (1%) (CTC): 3 drops instilled at an interval of 15 minutes.
• Tropicamide (1%): 3 drops instilled at an interval of 10 minutes each.
IV
Duration of cycloplegia
• Atropine sulphate (1%): After 3 days of first instillation.
• Cyclopentolate (1%) and Tropicamide (1%) (CTC): After 60 minutes of first instillation.
• Tropicamide (1%): Within 30 -45 minutes of first instillation.
* CTC-Cyclopentolate (1%)-Tropicacyl (1%)-Cyclopentolate (1%)-3 drops instilled at an interval of 15 minutes-refraction done after 60 minutes of first installation.
matted into a poster, laminated and placed in all pediatric OPDs. All team members involved in the dilatation process were also educated about the appropriate drug, its dosage and duration of instillation. c) Second cycle: All the case sheets of children younger than 12 years visiting pediatric ophthalmology outpatient services over a period of 4 weeks in the month of August 2012 were re-audited by the same therapist, for the same four parameters; results were assessed and published to the team.
5) Statistical analysis:
Results of the two audit cycles were recorded and compared using SPSS 16 software. Chi-square test was used for comparison of values in each group in the first and second audit cycle; p-value of ≤0.05 was considered significant.
Results
Demographic details of children in each cycle are summarized in Table 2 . Comparison of values in each group in the first and the second audit cycle is summarized in Table 3 .
First cycle: Of the 334 case sheets audited, 230 (69%) were plain refractive errors and 104 (31%) had associated strabismus. Cycloplegic refraction was performed in 275 (82.3%) children while in the remaining 59 (17.7%) glasses were prescribed based on dry refraction. Cycloplegic agent appropriate for age and category of patient was used for dilatation in 212 (77%) cases. The duration and dosage of instillation was in accordance to formulated protocol in 231 (84%) cases. Final refraction was done after three days in all the 44 children (100%) of the atropine group; after 60 minutes of first drop in 65 out of 99 (65%) children of the Cyclopentolate-Tropicamide-Cyclopentolate (CTC) group and within 30 -45 minutes in 94 out of 131 cases of the Tropicamide group ( Table 3) .
In most of the cases where the formulated dilation protocol was not adhered to, no reason was documented on the case sheet for the same. In 16 case sheets, stickers were not available so as collect the data for refraction. Parents were not willing for dilated refraction or refraction with a particular cycloplegic agent in 6 cases. Other reasons included allergy to a particular drug, recent switch in department's protocol in a particular category of patients and an outstation patient where atropine refraction was not practical. Second cycle: Of the 436 case sheets audited, 310 (71%) were plain refractive errors and 126 (29%) had associated strabismus. Cycloplegic refraction was performed in 411 (94.3%) children while in the remaining 25 (5.7%) glasses were prescribed based on dry refraction. Cycloplegic agent appropriate for age and category of patient was used for dilatation in 390 (94.8%) cases. The duration and dosage of instillation was in accordance to formulated protocol in 396 (96.3%) cases. Final refraction was done after 3 days in all the 36 children (100%) of the atropine group, after 60 minutes of first drop in 158 out of 162 (97.5%) cases of the CTC group and within 30 -45 minutes in 203 out of 207 (98%) children in the Tropicamide group.
Discussion
Evidence-based clinical guidelines, aiming to improve the effectiveness and efficiency of care delivery, have become a major feature of patient care [6] [7] . Non-adherence to guidelines may lead to unnecessary diagnostics, suboptimal treatment, or even adverse events [8] [9] . Owing to lack of knowledge of these standards or due a resistance in change of behaviour; some health care professionals and the technical staff may not adhere to the guidelines perfectly [10] . Active implementation through communication and education may improve adherence to guidelines and reduce sub-optimal care for patients [11] .
In our study, each audit cycle provided demographically comparable populations of children with refractive error and strabismus. In the first audit cycle, poor adherence was observed in all the four study parameters. It was interesting to observe a statistically significant improvement in all these parameters in the second audit cycle. The parameters included were adherence to the dilatation protocol which improved markedly (82.3% in first cycle to 94.3% in second cycle; p = 0.001), choice of cycloplegic agent (77% in the first cycle to 94.8% in the second cycle, p = 0.001), dosage of cycloplegic agent (84% in the first cycle to 96.3% in the second cycle, p = 0.001) and duration of cycloplegic agents (65% in the first cycle to 97.5% in the second cycle; p = 0.001 for CTC and 71.8% in the first cycle to 98% in the second cycle; p = 0.001 for Tropicamide) ( Table 3) .
The results of our study have several practical implications. Firstly, it indicates that despite availability of well defined standards, a greater number of children were prescribed inappropriate glasses. There is a possible explanation to this; junior medical staff might not understand the importance of appropriate drug, dosage and dura-tion of cycloplegia and could have been frequently unaware of the standard guidelines. Ours is a training institute with a huge turnover of optometrists performing pediatric refraction and fellow trainees in pediatric ophthalmology; this could account for the variations in practice. The second implication was finding a significant improvement in the practices following certain criteria aimed at increasing the awareness of the junior staff in the department. This included simple exercise like educating the staff and placing the aide memoires of the protocol at various places in the outpatient services.
Accurate prescription of glasses is the responsibility of the pediatric ophthalmology team. It was clear that compliance with guidelines was poor in all respects in the first audit cycle. This audit therefore targeted the practice patterns for cycloplegic refraction in children and the improvement clearly represents how simple measures can result in better adherence to protocols and uniformity in prescribing glasses. Though our results were encouraging, total compliance was not achieved with this audit. Achieving this must be the aim and re-auditing these results in the future after further re-enforcement of the guidelines would assess this.
Our study has certain limitations. The audit was dependent on clear documentation. Patients may have been assessed without documentation and therefore missed during data collection. However, the authors maintain that failing to document assessments is unsafe. Without documentation, the staff is left to pass on instructions, often causing confusion, and deteriorating examination findings. Another limitation was a relatively small number of children in either group; however statistical analysis demonstrated significant differences.
Conclusion
To conclude, our study demonstrated that a complete audit cycle with targeted interventions could be effective in improving compliance with evidence-based best clinical practice. Although predefined audit standard was not reached, the strategy used showed promise and further audit cycles would be needed to improve clinical practice further.
